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incidence and timing of C. difficile colitis in geriatric patients who underwent surgery for hip fracture, (2) identify preoperative and postoperative factors associated with the development of C. difficile colitis in these patients, and (3) test for an association between C. difficile colitis and postoperative length of stay, 30-day readmission, and 30-day mortality.
Patients and Methods This is a retrospective study. Patients who were 65 years or older who underwent hip fracture surgery were identified in the 2015 NSQIP database. The primary outcome was a diagnosis of C. difficile colitis during the 30-day postoperative period. Preoperative and procedural factors were tested for association with the development of C. difficile colitis through a backward stepwise multivariate model. Perioperative antibiotic type and duration were not included in the model, as this information was not recorded in the NSQIP. The association between C. difficile colitis and postoperative length of stay, 30-day readmission, and 30-day mortality were tested through multivariate regressions, which adjusted for preoperative and procedural characteristics such as age, comorbidities, and surgical procedure. A total of 6928 patients who were 65 years or older and underwent hip fracture surgery were identified. Results The incidence of postoperative C. difficile colitis was 1.05% (95% CI, 0.81%-1.29%; 73 of 6928 patients).
Of patients who had C. difficile colitis develop, 64% (47 of 73 patients) were diagnosed postdischarge and 79% (58 of 73 patients) did not have a preceding infectious diagnosis. Preoperative factors identifiable before surgery that were associated with the development of C. difficile colitis included admission from any type of chronic care facility (versus admitted from home; relative risk [RR] = 1.98; 95% CI, 1.11-3.55; p = 0.027), current smoker within 1 year (RR = 1.95; 95% CI, 1.03-3.69; p = 0.041), and preoperative anemia (RR = 1.76; 95% CI, 1.07-2.92; p = 0.027). Patients who had pneumonia (RR = 2.58; 95% CI, 1.20-5.53; p = 0.015), sepsis (RR = 4.20; 95% CI, 1.27-13.82; p = 0.018), or "any infection" (RR = 2.26; 95% CI, 1.26-4.03; p = 0.006) develop after hip fracture were more likely to have C. difficile colitis develop. Development of C. difficile colitis was associated with greater postoperative length of stay (22 versus 5 days; p < 0.001), 30-day readmission (RR = 3.41; 95% CI, 2.17-5.36; p < 0.001), and 30-day mortality (15% [11 of 73 patients] versus 6% [439 of 6855 patients]; RR = 2.16; 95% CI, 1.22-3.80; p = 0.008). Conclusions C. difficile colitis is a serious infection after hip fracture surgery in geriatric patients that is associated with 15% mortality. Patients at high risk, such as those admitted from any type of chronic care facility, those who had preoperative anemia, and current smokers within 1 year, should be targeted with preventative measures.
From previous studies, these measures include enforcing strict hand hygiene with soap and water (not alcohol sanitizers) if a provider is caring for patients at high risk and those who are C. difficile-positive. Further, other studies have shown that certain antibiotics, such as fluoroquinolones and cephalosporins, can predispose patients to C. difficile colitis. These medications perhaps should be avoided when prescribing prophylactic antibiotics or managing infections in patients at high risk. Future prospective studies should aim to determine the best prophylactic antibiotic regimens, probiotic formula, and discharge timing that minimize postoperative C. difficile colitis in patients with hip fractures. Level of Evidence Level III, therapeutic study.
Introduction
Clostridium difficile is a serious infection that can evolve into a life-threatening process such as pseudomembranous colitis or toxic megacolon [37] . C. difficile colitis is implicated as the cause of severe morbidity and is used as a measure of hospital quality [24] . In 2009, 336,600 hospitalizations that involved C. difficile colitis were documented and this number accounted for nearly 1% of all hospital stays in the United States [25] . Previous studies have shown C. difficile colitis to be associated with advanced age, previous surgery, increased hospital length of stay, and the use of antibiotics [18, 20, 22, 28, 40] . Based on these studies, the hip fracture population is inherently at risk. These patients usually are older than 65 years, have multiple comorbidities, and are given broad-spectrum antibiotics, such as cephalosporins, as prophylaxis [39, 40] . Owing to the aging of the population, there are more than 300,000 hip fractures annually in the United States population, with total treatment costs estimated at more than USD 12 billion [42] .
However, to our knowledge, only single-institution studies from the United Kingdom have investigated C. difficile colitis in patients with hip fractures [18, 36, 40] . Owing to their small sample sizes, these studies were not able to determine independent risk factors for development of C. difficile colitis. Further, these studies did not define the timing of diagnosis or effect of C. difficile colitis on hospital readmission, a pertinent outcome in the present healthcare climate [8, 32] . The use of national databases can circumvent these limitations by providing large patient numbers and rigorously tracked outcome measures that can generate enough statistical power to synthesize clinically meaningful results.
The purpose of our study was to use a large national database with in-hospital and postdischarge data (National Surgical Quality Improvement Program [NSQIP]) to (1) determine the incidence and timing of C. difficile colitis in geriatric patients who underwent surgery for hip fracture, (2) identify preoperative and postoperative factors associated with the development of C. difficile colitis in these patients, and (3) test for an association between C. difficile colitis and postoperative length of stay, 30-day readmission, and 30-day mortality.
Patients and Methods

Database
A retrospective study was performed using data from the 2015 NSQIP database. The NSQIP database uses trained surgical reviewers to collect more than 100 perioperative variables from more than 500 institutions in the United States [2, 16] . Methods of data collection include medical chart abstraction, operative reports, and patient interviews [11] . In addition, patient data is recorded through the 30th postoperative day, regardless of hospital discharge status [21, 30] . The use of the NSQIP database in orthopaedic research has become increasingly frequent and accepted [12, 13, 35] . The first and only year currently available from the NSQIP to include postoperative C. difficile colitis as an outcome variable is 2015. This is because the NSQIP only started to collect this variable in 2015. Our institutional review board granted an exemption for studies using this dataset because all data are deidentified and anonymous.
Patient Selection and Baseline and Procedural Characteristics
Patients were considered to have met inclusion criteria if they (1) were 65 years or older, (2) underwent hip fracture surgery, and (3) had the outcome variable of C. difficile colitis available for analysis. Of the 15,703 patients who were identified based on Criterion 1 and Criterion 2, 8005 patients met Criterion 3. Of these 8005 patients, 99% (7958 patients) were admitted during the third and fourth quarters of 2015. Therefore, it was thought that the reason for the approximately 50% missing postoperative C. difficile colitis variable in the initially identified patient population, based on Criterion 1 and Criterion 2, was because most of the NSQIP participating institutions began to collect data on postoperative C. difficile colitis in the second half of 2015. Concern for selection bias was minimal as missing C. difficile colitis data were not targeted toward a certain patient group. Patients were considered to have undergone hip fracture surgery if the following criteria were met. First, patients must have had one of the ICD-9 revision codes or one of the ICD-10 revision codes indicative of hip fracture (see Appendix, Supplemental Digital Content). Second, ). For the current study, the CPT code 27236 was categorized as a hemiarthroplasty procedure, following a previous study [4] .
Perioperative antibiotic type and duration were not included in the current study, as this information was not recorded in the NSQIP database. Although these two important data points could not be analyzed, several other important variables, such as patient comorbidities, patient preoperative laboratory values, facility transfer status, and delay to surgery, could be examined. In addition, the current study was able to investigate the association between postoperative C. difficile colitis and hospital length of stay, 30-day readmission, and 30-day mortality. These associations may not have been identifiable without the use of a national database that could provide a large enough patient population.
Following the inclusion criteria, 1077 patients (approximately 10%) in the current study had missing data for preoperative and procedural characteristics. These variables included height, weight, American Society of Anesthesiologists (ASA) class, functional status before surgery, preoperative hematocrit, transfer status, operative time, and length of stay. Patients missing any of these data points were excluded from the study. Concern for selection and transfer bias here was minimal as datasets with small proportions of missing data (approximately 10%) are less susceptible to bias when the dataset is manipulated with complete-case analysis [6] . Preoperative serum albumin was the only variable in the current study with missing data for greater than approximately 10% of patients (missing for 37%). Owing to the high percentage of missing data, patients with missing preoperative serum albumin were not excluded to prevent bias [6] . These patients were treated using the missing-indicator method instead [17] . Briefly, this method creates a separate group for patients with missing data and adjusts for it during multivariate analysis. This approach was supported over alternative methods [17] by a study on missing data in the NSQIP database [19] . Since the missing-indicator method does not exclude patients with missing data, concern for selection bias was minimal but there still may be the possibility of a transfer bias. However, of all variables included in the current study, only preoperative albumin had a high degree of missing data.
Patients were categorized regarding sex, age, functional status before surgery, BMI, ASA classification, preoperative anemia, smoking status (current smoker within 1 year), preoperative hypoalbuminemia, diabetes mellitus, hypertension, chronic steroid use, operative time, dyspnea on exertion, transfer status (admission from Volume 476, Number 3 C. Difficile Colitis After Surgery for Geriatric Hip Fracturehome, admission from outside hospital, admission from a nursing home, a chronic care facility, or an intermediate care facility), chronic obstructive pulmonary disease, days from hospital admission to operation (0 days, 1 day, $ 2 days), and surgical procedure. BMI was defined as kg/m 2 and stratified into ranges of 18-24.9 (healthy), 25-29.9 (overweight), 30-34.9 (obese), and $ 35 (morbidly obese). Preoperative anemia was defined as preoperative hematocrit less than 36% for women or 39% for men [7] . Preoperative hypoalbuminemia was defined as preoperative serum albumin levels less than 3.5 g/dL [5] . Diabetes mellitus was stratified as no diabetes, noninsulindependent diabetes mellitus, and insulin-dependent diabetes mellitus [43] .
Perioperative Complications and 30-day Readmission
Patients in the 2015 NSQIP database were tracked for the development of postoperative C. difficile colitis and other individual complications through the 30th postoperative day. NSQIP surgical reviewers use rigorous criteria to diagnose C. difficile colitis (see Appendix, Supplemental Digital Content). In addition, NSQIP documents the number of days after a surgical procedure that each complication was diagnosed for each patient. These data were used to establish which infections preceded a diagnosis of C. difficile colitis, which diagnosis occurred before or after discharge, and which diagnoses occurred after a hospital readmission. All patients who had postoperative C. difficile colitis had postoperative day of diagnosis recorded. In addition, no patient had missing data regarding occurrence and timing of other postoperative complications (urinary traction infection, pneumonia, wound infection, sepsis, readmission, mortality) included in the current study.
Statistical Analysis
All statistical analyses were performed using Stata ® Version 13.1 (StataCorp LP, College Station, TX, USA). The level of significance was set at a two-sided level of 0.05 (p < 0 .05). Multivariate Poisson regression with robust error variance [45] was used to test for association between preoperative and procedural characteristics and occurrence of C. difficile colitis. The final multivariate model was selected using a backward stepwise method, where all preoperative and procedural factors (Table 1) were initially included in the model and variables with the highest p values were eliminated one by one until only variables with a probability less than 0.05 remained. Variables that remained in the model represented independent preoperative associations with the occurrence of C. difficile colitis.
Next, multivariate Poisson regression with robust error variance [45] was used to test for association between each postoperative infection (urinary tract infection, pneumonia, wound infection, sepsis, and "any infection") and occurrence of C. difficile colitis. All preoperative and procedural characteristics (Table 1) were controlled for in each of these regressions. Patients who had one of these postoperative infections develop before the development of C. difficile colitis or without later development of C. difficile colitis were characterized as having a potentially contributory infection develop. Patients who had one of these postoperative infections develop after development of C. difficile colitis or did not have any of these postoperative infections develop were characterized as not having a potentially contributory infection develop.
Multivariate linear regression was used to compare postoperative length of stay between patients who had C. difficile colitis develop during index hospitalization and patients who did not. All preoperative and procedural characteristics (Table 1) were controlled for in this regression.
Finally, 30-day readmissions and 30-day mortality were examined. Multivariate Poisson regression with robust error variance [45] was used to test for association between 30-day readmission and development of C. difficile colitis after hospital discharge. For this analysis, patients who had C. difficile colitis develop after hospital readmission were categorized as not being readmitted owing to C. difficile colitis. Multivariate Poisson regression with robust error variance [45] also was used to test for association between mortality and development of C. difficile colitis any time during the 30-day postoperative period. All preoperative and procedural characteristics (Table 1) were controlled for in both of these regressions.
Study Population
A total of 8005 patients met the previously described inclusion criteria. Of these, 1077 were excluded for missing data, leaving 6928 patients (87%) for analysis. Of these patients, 774 (11%) underwent plate and screw fixation, 2714 (39%) had intramedullary fixation, 3132 (45%) underwent hemiarthroplasty, and 308 (5%) had THA ( Table 1) . The mean age of the patients was 82 6 8 years, mean BMI was 25 6 5 kg/m 2 , and 71% of the patients were female.
Results
Incidence and Timing of C. difficile Colitis
A total of 73 patients had C. difficile colitis develop, generating an incidence of 1.05% (95% CI, 0.81%-1.29%; 73 of 6928 patients). Only 36% (26 of 73) of patients with Table 2) . After adjusting for preoperative and procedural characteristics, postoperative infectious factors associated with the development of postoperative C. difficile colitis included pneumonia (RR = 2.58; 95% CI, 1.20-5.53; p = 0.015), sepsis (RR = 4.20; 95% CI, 1.27-13.82; p = 0.018), or "any infection" (RR = 2.26; 95% CI, 1.26-4.03; p = 0.006) (Table 3) . However, the development of C. difficile colitis was not associated with postoperative urinary tract infection or wound infection.
Interestingly, only 15 [21%] patients diagnosed with C. difficile colitis had a preceding infection; three had a preceding urinary tract infection, seven had pneumonia, one had pneumonia and a urinary tract infection, one had wound infection, and three had urinary tract infections associated with systemic sepsis.
Clinical Implications of C. difficile Colitis
After adjusting for preoperative and procedural characteristics, patients who had C. difficile colitis develop during index hospitalization had a greater postoperative length of stay compared with patients who did not (22 versus 5 days; adjusted difference = 16days; 95% CI, 15-18 days; p < 0.001). Likewise, patients who had C. difficile colitis develop after discharge had a higher risk for 30-day readmission compared with patients who did not (30% [ 
Discussion
C. difficile infections are associated with severe morbidity and mortality [3] . Further, these infections are factored into hospital quality metrics and reimbursement because of their primarily nosocomial nature. Therefore, a thorough understanding of factors associated with, and clinical implications of, C. difficile colitis after common surgical procedures is crucial. We used a large national database with postdischarge data to study the development of C. difficile colitis after hip fracture surgery in geriatric patients. The rate of C. difficile colitis after surgery was approximately one in 100 patients. Preoperative factors associated with postoperative C. difficile colitis were admission from a nursing home or care facility, current smoking within 1 year, and preoperative anemia. While pneumonia, sepsis, or "any infection" were postoperative infectious factors associated with the development of C. difficile colitis, the majority of patients, 79% (58 of 73 patients), had C. difficile colitis develop in the absence of postoperative infections that would have prompted postoperative antibiotic use.
The main limitation of the current study is the absence of data regarding perioperative antibiotic type and duration, which are known risk factors for developing C. difficile colitis [31, 38] . To try to account for the degree of postoperative antibiotic use, we used surrogate measures. For instance, postoperative pneumonia, sepsis, and "any infection" likely were closely tied to longer and more intensive use of antibiotics after surgery. However, the current study could not provide any insight into prophylactic antibiotic use. Future studies should investigate this important issue by performing interrupted time series analyses to assess the effects of different prophylactic antibiotic regimens (type, duration, and dose) on incidence of postoperative C. difficile colitis. The second limitation of the current study pertains to the study design, which may introduce certain biases. First, because some patients had missing data regarding postoperative C. difficile colitis, there is some concern for selection bias. However, the reason for these missing data was most likely because NSQIP participating institutions only started collecting these data for patients admitted during the third or fourth quarter of 2015. Therefore, selection bias here was thought to be minimal as missing data were not targeted toward a certain patient group. Second, because some patients had missing preoperative and procedural data, there is some concern for transfer bias. However, most variables had a low degree of missing data and concern for transfer bias was minimal. The only variable with a high degree of missing data was preoperative albumin levels. Although, the current study did not identify preoperative albumin as being associated with postoperative C. difficile colitis, readers should interpret this result cautiously owing to the high degree of missing data for this variable. Finally, as with any database study, there is concern for assessment bias attributable to coding errors. However, the NSQIP database undergoes routine auditing, with reported interrater disagreement rates less than 2% for all variables assessed [2, 12] . Additional limitations of the current study are those of the NSQIP database. These include followup data for only 30 days, the lack of clinical outcomes, the lack of quality outcome measures, and the lack of details regarding providers from whom each patient may have received care.
The incidences of C. difficile colitis after other orthopaedic surgical procedures range from 0.07% to 17% [10, 18, 26, 36, 37] . However, after hip fracture surgery, the rate of C. difficile colitis has been reported to be as much as 7.1% [18, 36] . We found an overall 30-day postoperative incidence of approximately 1% (73 of 6928 patients), which is lower than those reported in previous hip fracture studies [18, 36] but higher than those reported after other orthopaedic procedures [18, 26, 36, 37] . This difference from the previously reported higher number might be related to the strict definition of C. difficile colitis used by NSQIP (see Appendix, Supplemental Digital Content), the followup being limited to 30 postoperative days, or the different patient population in previous studies, which included only patients from the United Kingdom. In addition, we found that only 36% (26 of 73) of patients with C. difficile colitis are diagnosed during the index hospitalization. This result is in line with findings from a recent nationwide surveillance study in the United States, which showed that the majority of healthcareassociated C. difficile infections occurred after hospital discharge [23] . Based on these findings, orthopaedic surgeons should be vigilant for the occurrence of C. difficile colitis in patients at high risk through the entire postoperative period.
Patients at high risk identified in the current study include those who were admitted from any type of chronic care facility, who were current smokers within 1 year, or who had preoperative anemia. Transfer from a nursing home and current smoker status have been linked to development of C. difficile infection in other patient populations [33, 34] . The association between preoperative anemia and C. difficile colitis has been studied less but has been described in case reports [14] . These findings may help clinicians establish a high-risk subcohort. In addition to identifying preoperative factors, the current study also established postoperative infections as factors associated with development of C. difficile colitis. These infections included pneumonia, sepsis, or the aggregated infection variable "any infection". Postoperative infections are thought to lead to later C. difficile colitis through the use of antibiotics to manage the initial infection, which can cause an environment for C. difficile overgrowth [27] . Particular antibiotic classes, such as fluoroquinolones and cephalosporins, are associated with a marked increased risk for development of C. difficile colitis [31, 38] . When treating patients who were shown in the current study to be at high risk for C. difficile colitis, surgeons should strive to avoid the use of antibiotics known to predispose to development of C. difficile colitis to avoid compounding the risk.
Geriatric patients who had C. difficile colitis develop after hip fracture surgery had an increased length of hospital stay, higher rate of 30-day readmission, and higher rate of 30-day mortality. The link between increased length of stay and C. difficile infections has been extensively investigated [1, 15, 44] . However, the causality in the relationship between length of stay and C. difficile infection must be interpreted carefully, as the increased length of stay can be a risk factor for and a consequence of C. difficile infection. The associations with length of stay, readmission, and mortality have important implications in the current environment of bundled payments, quality improvement, and hospital metric comparisons [8, 32] .
C. difficile colitis occurs in one of 100 geriatric patients undergoing surgery for hip fracture. Intriguingly, 64% (47 of 73 patients) of C. difficile colitis diagnoses occurred after discharge from the hospital and 79% (58 of 73 patients) occurred in patients without any prior infectious diagnosis. The preoperative factors associated with the development of C. difficile colitis include admission from any type of chronic care facility, current smoker within 1 year, and preoperative anemia. Associated postoperative infectious factors include pneumonia, sepsis, or "any infection". Given the severe morbidity and mortality associated with these infections, patients at high risk should be targeted with preventative measures. From previous studies, these measures include implementing early case finding methodologies and rapid initiation of appropriate therapy, preventing placement of patients at high risk in the same room as patients who are C. difficile-positive, and enforcing strict hand hygiene with soap and water (not alcohol sanitizers) if caring for patients at high risk and those who are C. difficile-positive [9, 29, 41] . Further, other studies have shown that certain antibiotics, such as fluoroquinolones and cephalosporins, can predispose patients to C. difficile colitis [31, 38] . These medications perhaps should be avoided when prescribing prophylactic antibiotics or managing infections in patients at high risk. Future prospective studies should aim to determine the best prophylactic antibiotic regimens, probiotic formula, and discharge timing that minimize postoperative C. difficile colitis in patients with hip fractures.
